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The major research area of this program has been concerned with 

fundamental acta of crosslinking polymers by high energy ionieing radiation 

and the dependence of the crosslinking efficiency and resulting network. 

properties on the state of the system and the temperature at the time the 

crosstinks are introduced. Major  attention has been given to the behavior 

of molecular weight fractions of polyethylene, c rys t a lbed  under controlled 

conditions and irradiated at different temperatures. A great deal of emphasis 

has been given to investigations directed to help in the Pnderetaadiqg o€ the 

radiochemical acte involved in explaining the previously reported results 

on the relative crosslinking efficiency in the crystalline and amorphous 

states at elev&ted temperatures, 

A rsstttdy of the partitioning between sol and gel with irradiation of a 

very high molecular weight sample of polyethylene, %=7 x IO6, at 133OC 

in the completely amorphous state substantiated the previous conclusions 

that the relative enhanced crasslinking in the crystalline state Cat 133OC) 

could not be attributed to chain scission ha the amorphoie state. To study 

and analyrte the radiochemical acts in more detail, the hydrogen evolution,, 

the formation of trans-vinylene groups and the rate of vinyl decay has bees 

studied as a h e t i o n  of radiation dose, temperature aad molecular weight. 

A distinction must be made in all the measarements and analyses between 

the temperature and the state 0% the system, A new and signigicant result 

in the radiation chemistry of polyethyleae baa been obtained in that in the 

completely molten state at 133”C, where compiicatiGzs &e to crgntallinitv 
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are  abaent, GqE-32) is inveraely dependent on the number average molecular 

weight, Concomitantly, the rate of vinyl decay decreases with increasing 

molecular weight, 

be demonstrated that there is one vinyl-end group per molecule. 

in the literature, the rate cf vinyl decay ha8 bean t3ken to be a first order 

Theee new observations a re  self-coasistent since it can 

Conventionally 

reaction. Thirr conclusion is based on the study of only one drac t iona ted  

aample, Our studies as a function of molecular weight indicate, however, 

that the apparent first-order rate constant depends 01 the initial vinyl group 

concentration. 

cryetalline sample at 25*C and 133OC with a eignificaut change in the value. 

Similar efifectrr with molecular weight are observed in the 

of the parametera with temperature and phase, 

clear that the vinyl-end groups in both the cryetalline and amorphous atatecr 

act ae a hydrogen "ai&" and a eignificant amount of hytt.:ogen ini t ia l ly  formed 

The amvc reeults make 

ie recaptured. An appropriate mechanism muet therefma be developed to 

a c c m t  for thh phenomena if a theoretical material ba tarice is to be achieved. 

It i o  clear that one needs to obtain an inherent value for G(Hz) characteristic 

of polyethylene and independent of molecular weight (enti-group effects) as 

a function of temperature and crystallinity< 

amorphous otats, studies are underway utilizing sanides of very high 

To obtalla this constant for the 

number average molecular weight b,here the vinyl end-group can not be detected 

by iafrared methods. Complications exist in detern .;!ling thie conatant for 

the crystalline polymer since only the lower molertukz weight samples 

(less than 50,000) with high initial vinyl concentsattionc give the very high 

, t 

levels of crystallinity. To circumvent this difficulty, a'dempts are being made 

to hydrogemta polyethylene, thue removing the vinyl mLgroup. If successful, 
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the samples will then be crystallized to high levels of crystallinity and the 

radiation chemistry studied, 

The analysis of sol-gel curve8 of highly crystalline polyethylene, 

irradiated at room temperature, has indicated the distinct possibility that 

chain scission processea play an important role in the crystalline state as 

compared to irradiation processes above 90°C. Became highly crystalline 

polyethylene is restricted to low molecular weights the pre-gelation region 

is being studied by measuring the changes in intrinsic viscosity as a function 

of radiation dose. The data obtained to date for molecular weight fractions 

irradiated at different temperatures haa supported the concept that the ratio 

of chain scission to croeslinking is substantially increased in the highly crya- 

talline polymer at 2SoC, These result6 a re  preeeatly being analyzed in more 

quantitative detail and will be reported shortly. 

An infrared study of linear polyethylene has been undertakeln for the 

purpoaee of developing another method for establishing the level of crylea- 

tallinity a s  well as studying segmental motions in the cryatalline and amor- 

phous region@, By preparing a wide range of molecular weight frastione of 

linear polyethylene crystallized in bulk under differing but controlled cow- 

ditions samplers having a density range from 0 , 9 9  to 0 , 9 2  at room temper- 

ature were obtained.. This is by far the wideat range in densitiee that hads 

beea studied for this polymer, 

ature, the gauche amor~houe bands at 1352 and 1303 cm, 

amorphoua band at  1368 c m  

It can be demonstrated that a t  room temper- 

-1 the trans - 
-1  - 2  and the trens cryetalline band at  2894 cm, - 

agreement with that obtained from the density, The density and infrared 
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absorption of these bands, for single crystals gorrned from dilute solution, 

also follow the same correlation at3 bulk crystallized specimens, 

Studies have also been made as a function of temperature tkrongh the 

melting point. 

the specific extinction coefficients of the crystalline barad6 have been found to 

be strongly temperature dependent berow their melting points. 

factor ia taken into account appropriate calculations can be made, utilizing 

the infrared absorption, of the degree of crystallinity as a fwnztion of tem- 

peratures, Up to 100°C the degree of crystallinity rexdhs ef!eectively 

constant in agreement with thermodynamic and x-ray diffraction studies. 

However, above 100 C but below the thermodynamic melting range the id ra red  

indicates an apparent partial melting. 

be attributed to the motions that are starting to occur within the! crystallites, 

as would be expected from other measurementa, and ie consistent with the 

enhanced crosslinking efficiency within the cryotallirrae etate in the vicinity 

of 90-1OO0C- 

From studies of the higher member homologs of tE.3 - n-paraffifls. 

When thii 

0 

Theae 8~11all but detectable effects can 

An a~aAyai8 of the relative intensities of the r.on-crystalline bands has 

been made as a function of crystallite morphology and temperature. It is 

found by these techniques that the structure and bond orientation of the non- 

crystalline regions of siagle crystals a re  similar to those of the extended chain 

crystals formed from low molecular weight crystals, and in general can be 

Correlated with the density, A detailed nanurcript ie being prepared for 

publication of the experimental results amd analyses of the infrared studies 

A new nuclear magnetic spectrometer has been built and studies of the 

molecular motion as a Eunctior, of molecular weight, temperature and levelw 

of crystallinity have bean initiated, 


